
Carotenoid Accumulation in Orange Pigmented Capsicum annuum Fruit, Regulated at Multiple Levels 
 

Laura Rodriguez-Uribe, Ivette Guzman, Wathsala Rajapakse, Richard D. Richins, and 
Mary A. O’Connell 

 
Figure S1. Alignment of Ccs promoter region (~860 bp 5’ to ATG start codon) cloned and sequenced from genomic DNA of NuMex 
Sunset, Oriole, Canary, Calencia, Orange Grande and Fogo. Multiple independent clones for the Ccs promoter from each cultivar were 
obtained. Alternate forms of the sequence at three positions are indicated with the symbols Y (C or T) or R (A or G). The reference 
sequence from GenBank Y14165 is included as well. 
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TTGACTCCGCCATTACTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAA

TTGACTCCGCCATTGCTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAAGenBank Y14165.seq(1150>2007) 
TTGACTCCGCCATTACTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAANuMex Sunset CCS Promoter.seq(1>899)
TTGACTCCGCCATTACTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAAOriole CCS Promoter.seq(1>900) 
TTGACTCCGCCATTACTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAACanary CCS Promoter.seq(1>899)
TTGACTCCGCCATTACTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAAValencia CCS promoter.seq(1>900) 
TTGACTCCGCCATTACTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAAOrange Grande CCS Promoter.seq(1>900) 
TTGACTCCGCCATTACTACAAGGTAGAACCTCCAACAATCACCAATACCTAAATTGCAAAAAFogo CCS Promoter.seq(1>900) 

70 80 90 100 110 120

TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACAAGGCCTCCAACAATCA

TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACA-GGCCTCCAACAATCAGenBank Y14165.seq(1150>2007) 
TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACAAGGCCTCCAACAATCANuMex Sunset CCS Promoter.seq(1>899)
TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACAAGGCCTCCAACAATCAOriole CCS Promoter.seq(1>900) 
TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACAAGGCCTCCAACAATCACanary CCS Promoter.seq(1>899)
TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACAAGGCCTCCAACAATCAValencia CCS promoter.seq(1>900) 
TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACAAGGCCTCCAACAATCAOrange Grande CCS Promoter.seq(1>900) 
TTTCAGTTCGTTTTTTAATTTCTGTTTTGGGAAGAGGAATACTACAAGGCCTCCAACAATCAFogo CCS Promoter.seq(1>900) 

130 140 150 160 170 180

CCAATACCTAAATTGCAAAAATTTYAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATA

CCAATACCTAAATTGCAAAA-TTTTAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATAGenBank Y14165.seq(1150>2007) 
CCAATACCTAAATTGCAAAAATTTCAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATANuMex Sunset CCS Promoter.seq(1>899)
CCAATACCTAAATTGCAAAAATTTYAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATAOriole CCS Promoter.seq(1>900) 
CCAATACCTAAATTGCAAAAATTTTAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATACanary CCS Promoter.seq(1>899)
CCAATACCTAAATTGCAAAAATTTYAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATAValencia CCS promoter.seq(1>900) 
CCAATACCTAAATTGCAAAAATTTCAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATAOrange Grande CCS Promoter.seq(1>900) 
CCAATACCTAAATTGCAAAAATTTTAGTTTGTTTTTTAGTTTCTGTTTTGGGAAGAGGAATAFogo CCS Promoter.seq(1>900) 
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Figure S1. Alignment of Ccs promoter region.
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CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTT

CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTGenBank Y14165.seq(1150>2007) 
CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTNuMex Sunset CCS Promoter.seq(1>899)
CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTOriole CCS Promoter.seq(1>900) 
CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTCanary CCS Promoter.seq(1>899)
CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTValencia CCS promoter.seq(1>900) 
CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTOrange Grande CCS Promoter.seq(1>900) 
CTACAAGGTAAGGCCTCCAACAATCACCAATACCTAAATTGCAAAAATTTCAGTTCGTATTTFogo CCS Promoter.seq(1>900) 

250 260 270 280 290 300 310

TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTA

TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAGenBank Y14165.seq(1150>2007) 
TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTANuMex Sunset CCS Promoter.seq(1>899)
TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAOriole CCS Promoter.seq(1>900) 
TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTACanary CCS Promoter.seq(1>899)
TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAValencia CCS promoter.seq(1>900) 
TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAOrange Grande CCS Promoter.seq(1>900) 
TCGTTTCTATTTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAFogo CCS Promoter.seq(1>900) 

320 330 340 350 360 370

AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTA

AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGenBank Y14165.seq(1150>2007) 
AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTANuMex Sunset CCS Promoter.seq(1>899)
AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAOriole CCS Promoter.seq(1>900) 
AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTACanary CCS Promoter.seq(1>899)
AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAValencia CCS promoter.seq(1>900) 
AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAOrange Grande CCS Promoter.seq(1>900) 
AATTGCAAAAGTTCCGATTCATTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAFogo CCS Promoter.seq(1>900) 
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GGGYCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTAT

GGGCCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATGenBank Y14165.seq(1150>2007) 
GGGTCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATNuMex Sunset CCS Promoter.seq(1>899)
GGGYCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATOriole CCS Promoter.seq(1>900) 
GGGCCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATCanary CCS Promoter.seq(1>899)
GGGYCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATValencia CCS promoter.seq(1>900) 
GGGYCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATOrange Grande CCS Promoter.seq(1>900) 
GGGCCTCCAACAATCACCAGTACCTAAATTGTAAAAATTTCAGTTCGTTTTTTAGTTTCTATFogo CCS Promoter.seq(1>900) 

440 450 460 470 480 490

TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAA

TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAGenBank Y14165.seq(1150>2007) 
TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAANuMex Sunset CCS Promoter.seq(1>899)
TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAOriole CCS Promoter.seq(1>900) 
TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAACanary CCS Promoter.seq(1>899)
TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAValencia CCS promoter.seq(1>900) 
TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAOrange Grande CCS Promoter.seq(1>900) 
TTTGGGAAGTGGAATAGTATAAGGTAGGACCTCCAACAATCACCAATACCTAAATTGCAAAAFogo CCS Promoter.seq(1>900) 

500 510 520 530 540 550

GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGRTAGGACCTTCAA

GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCAAGenBank Y14165.seq(1150>2007) 
GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGGTAGGACCTTCAANuMex Sunset CCS Promoter.seq(1>899)
GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGRTAGGACCTTCAAOriole CCS Promoter.seq(1>900) 
GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCAACanary CCS Promoter.seq(1>899)
GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGRTAGGACCTTCAAValencia CCS promoter.seq(1>900) 
GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGRTAGGACCTTCAAOrange Grande CCS Promoter.seq(1>900) 
GTTCCGATTCTTTTTTTAGTTTCTGTTTTGGAAAGAGAAATACTACAAGATAGGACCTTCAAFogo CCS Promoter.seq(1>900) 
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CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGA

CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAGenBank Y14165.seq(1150>2007) 
CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGANuMex Sunset CCS Promoter.seq(1>899)
CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAOriole CCS Promoter.seq(1>900) 
CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGACanary CCS Promoter.seq(1>899)
CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAValencia CCS promoter.seq(1>900) 
CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAOrange Grande CCS Promoter.seq(1>900) 
CAATCACCAATACCTAAATTGCAAAAACTTCAGTTCATTTTTTAGTTTCTGTTTTGGGAAGAFogo CCS Promoter.seq(1>900) 

630 640 650 660 670 680

AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTT

AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTGenBank Y14165.seq(1150>2007) 
AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTNuMex Sunset CCS Promoter.seq(1>899)
AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTOriole CCS Promoter.seq(1>900) 
AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTCanary CCS Promoter.seq(1>899)
AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTValencia CCS promoter.seq(1>900) 
AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTOrange Grande CCS Promoter.seq(1>900) 
AGAATACTTCAAGGTAACAATCACCAATACCTAAATTAAAAATTTCAGTTAGTTTTTTAGTTFogo CCS Promoter.seq(1>900) 

690 700 710 720 730 740

TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAG

TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAGGenBank Y14165.seq(1150>2007) 
TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAGNuMex Sunset CCS Promoter.seq(1>899)
TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAGOriole CCS Promoter.seq(1>900) 
TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAGCanary CCS Promoter.seq(1>899)
TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAGValencia CCS promoter.seq(1>900) 
TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAGOrange Grande CCS Promoter.seq(1>900) 
TCTGTTTTTGGGAAGAGGAATACTTTCTTTTGCTATATAAAGCCAAAGTAGGTACCTATAAGFogo CCS Promoter.seq(1>900) 
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750 760 770 780 790 800

CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATA

CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATAGenBank Y14165.seq(1150>2007) 
CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATANuMex Sunset CCS Promoter.seq(1>899)
CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATAOriole CCS Promoter.seq(1>900) 
CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATACanary CCS Promoter.seq(1>899)
CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATAValencia CCS promoter.seq(1>900) 
CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATAOrange Grande CCS Promoter.seq(1>900) 
CATCAATATTTTGTATTGCTTAGTGATTCCCCTAGTTCGGTATTTCATTTTTTTTCACTATAFogo CCS Promoter.seq(1>900) 

810 820 830 840 850 860

CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGAAACCCT

CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGenBank Y14165.seq(1150>2007) 
CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGAAACCCTNuMex Sunset CCS Promoter.seq(1>899)
CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGAAACCCTOriole CCS Promoter.seq(1>900) 
CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGAAACCCTCanary CCS Promoter.seq(1>899)
CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGAAACCCTValencia CCS promoter.seq(1>900) 
CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGAAACCCTOrange Grande CCS Promoter.seq(1>900) 
CTATATCACCTCCTCTCATAAATAGCCATTATAAATCTTGCATTTTCTCTAATGGAAACCCTFogo CCS Promoter.seq(1>900) 

870 880 890 900

TCTAAAGCCTTTTCCATCTCCTTTACTTTCCA

TCTAAAGCCTTTTCCATCTCCTTTACTTTCCNuMex Sunset CCS Promoter.seq(1>899)
TCTAAAGCCTTTTCCATCTCCTTTACTTTCCAOriole CCS Promoter.seq(1>900) 
TCTAAAGCCTTTTCCATCTCCTTTACTTTCCCanary CCS Promoter.seq(1>899)
TCTAAAGCCTTTTCCATCTCCTTTACTTTCCAValencia CCS promoter.seq(1>900) 
TCTAAAGCCTTTTCCATCTCCTTTACTTTCCAOrange Grande CCS Promoter.seq(1>900) 
TCTAAAGCCTTTTCCATCTCCTTTACTTTCCAFogo CCS Promoter.seq(1>900) 
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